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Description 



This invsntion pertains to a liquid silicone rubber composition useful as a lubricant seal. This novel composition is 
characterized by the fact that it has high stability against a lubricant that has been subjected to thermal and oxidative 

^ SMfcone rubber has high heat resistance, high cold resistance, and low compression set. Consequently, it is widely 
used to form seals in automobiles, ships, and industrial machines. For various seals, including rocker covers, oil pans, 
oil filters shafts, and the like which are in direct contact with a lubricant, wherein the resistance to lubricant that has 
been deqraded by heat and oxidation is high. Thus, these seals are required to display high stability to the acid com- 
ponents generated by degradation of the lubricant, to residues of various additives, and to oxygen d.ssolved in the 
lubricant Conventional silicone rubber does not have as good of stability in such an environment as is often desired. 

In consideration of this problem, various methods to increase the oil resistance of the silicone rubber composition 
have been proposed by adding various types of basic substances into It. For example, JP-A 57-76055 discloses a 
method in which magnesium oxide powder is added into silicone rubber composition that is then cured by a conden- 
sation reaction to obtain a silicone rubber which is cured at room temperature and which has a high oil resistance. 
Also JP-A 3-1 4g260 discloses a method in which magnesium oxide powder is added into a silicone rubber composition 
that is cured in the presence of a platinum catalyst to obtain a silicone rubber with a high oil resistance. 

However, for the former method, a long curing time is needed at room temperature to obtain the desired silicone 
rubber The workability is thus poor, and the silicone rubber also has low mechanical strength. 

For the latter method, when a large amount of magnesium oxide powder is added (a highly basic substance) the 
platinum catalyst may be poisoned. In addition, in the presence of organohydrogenpolysitoxane, that composition may 
begin to cure during storage. Even when the material is stored asa2-part liquid system, it is still imposs.ble to guarantee 
a high storage stability and a long pot life; and it is impossible to increase the amount of the magnesium ox.de powder 
added Consequently, high oil resistance is not realized and the durability of the cured silicone rubber is poor when 
used under severe operating conditions of thermally and oxidatively degraded lubricants. 

The purpose of this invention is to provide a liquid silicone rubber composition for a lubricant seal characterized 
by good storage stability and long pot life before curing, and when cured having good stability and ability to maintain 
excellent rubber elasticity, even in the presence of lubricant that has been subjected to thermal and oxidatwe degra- 

^The liquid silicone rubber composition for a lubricant seat of this invention has the following ingredients. (A) an 
organopolysiloxane containing 2 or more silicon-bonded alkenyl groups in each molecule; (B) an inorganic filler; (C) 
an oxide or hydroxide of an alkaline-earth metal with an atomic weight of 40 or greater; (D) an organohydrogensHoxane 
containing 3 or more silicon-bonded hydrogen atoms in each molecule; and (E) a platinum-group catalyst 

The present invention provides a liquid silicone rubber composition for a lubricant seal compnsmg the following 
ingredients: 

(A) 100 parts by weight of organopolysiloxane containing 2 or more silicon-bonded alkenyl groups in each molecule; 

(B) 5 to 1 50 parts by weight of inorganic filler; 

C) 7 to 50 parts by weight of an oxide or hydroxide of an alkaline-earth metal with an atomic weight of 40 or greater; 

(D) an organohydrogensHoxane containing 3 or more silicon-bonded hydrogen atoms in each molecule in an 
amount providing a molar ratio of the silicon-bonded hydrogen atoms in this ingredient to the silicon-bonded alkenyl 
groups in ingredient (A) in the range of 0.4:1 to 5:1 ; and 

(E) a platinum-group catalyst in an amount providing 0.1 to 500 parts by weight of platmum-group metal per 1 
million parts by weight of ingredient (A). 

Ingredient (A), the organopolysiloxane. is the basic ingredient of the present composition. In order to ensure that 
our silicone rubber composition can display rubber elasticity after curing, it is necessary that 2 or more alkenyl groups 
are present in each molecule of the organopolysiloxane. Examples of alkenyl groups are vinyl, allyl, and propenyl 
Examples of organic groups, other than these alkenyl groups. Include alkyl groups like methyl, ethyl, and propyl; aryl 
groups such as phenyl or tolyl and halogenated alkyl groups like 3,3,3-trifluoropropyl, 3-chloropropyl; and other op- 
tionally substituted monovalent hydrocarbon groups. 

The molecular configuration of this ingredient may be straight-chained, branch-containing straight-chain, or cyclic 
The straightened form is preferred. There is no special limitation on the viscosity of this ingredient To ensure that 
the cured product is a rubber-like elastic body, the viscosity of this ingredient at 25«C is preferably 100 mPa.s (cP) or 
higher Examples of this ingredient include dimethylpolysiloxane with both ends blocked by dimethylvinyls.loxy groups, 
dimethylsiloxane/methylvinylsiloxane copolymer with both ends blocked by dimethyMnylsiloxy groups, dimethytei- 
loxane/methylvinylsiloxane copolymer with both ends blocked by trimethylsiloxy groups, and d.methyls.loxane/meth- 
ylphenylsiloxane copolymer with both ends blocked by dimethylvinylsiloxy groups. According to this invention, it is 
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possible to use two or more types of the aforementioned organopolysiloxanes in combination 

Ingredient (B), the inorganic filler, is used to reinforce our silicone rubber composition, adjust the viscosity increase 
he heat resistance, increase the flame retardancy, and so forth. There is no special limrtation on the^noSZ 
filler, and any conventional one can be used. Examples of such fillers are fumed silica, precipitated silica simered 
shea, fumed titanium ox.de, and other reinforcing fillers; crushed fused silica, diatomaceous earth asbi^^olide 
aluminum ootids. a.um.no S ilioic acid, calcium carbonate, and other nonreinforcing fillers; as well as "STp™3 by 
treating the aforementioned fillers wtth an organosilane. organopotysiloxane. or other organ sihin £rZlZ ^The 
amount of this ingredient added depends on the type of the inorganic filler used. Usua.ly, The amouTonSred^nt 
.s in the range of 5 to 150 parts by weight per 100 parts by weight of ingredient (A) ingredient 
Ingredient (C), the oxide or hydroxide of an alkaline-earth metal with an atomic weight of 40 or greater is the 
characteristic ingredient of this invention. This ingredient is added to ensure that the cured product of our commit ton 
hasahigh stabihtym degraded oil. That is.ahigh stability against the chemical species caused by the a^ 
generated by the degradation of the oil component, residues of the various types of additives present inThe oil id 
dissolved oxygen present ,n the oil. Examples of the oxktes and hydroxides of alkaline^arth metals inc uSe the oxSs 
and hydroxides of calc.um, strontium, and barium. They may be used either alone or as a mixture of two ^r more ? Also 
hey may be used ,n the form of fine powders to ensure their effective dispersion in our silicone c«n£Tft™ A^g 
them calcium hydroxide and calcium oxide are preferred. The amount of this ingredient with respect iSS 'S 
weight of ingredient A) is in the range of 7 to 50 parts by weight, or preferably in L range of 1 SJS parted 'wetoh? 
f the amount ,s smaller than 7 parts by weight, the resultant composition fails to display a high enough restetaTce to 
the degraded oil. On the other hand, if the amount is over 50 parts by weight, the viscosity of fhe final ZposWon 
becomes too high thereby making handling difficult and decreasing the strength of the cured rubber product 

Ingredient (D), the organohydrogensiloxane containing 3 or more silicon-bonded hydrogen atoms in each molecule 
js a crosshnk-ng agent. Examples of organohydrogensiloxanes that are used include methy.hydroX^^^ 
" S groups, dimethylsitoxane/methylhydrogensiloxane co^me wfh fcTe^s 

bl^irnl Vr ? V S OXV 9r ° UPS ' "^^'P^'^^hylhydrogensiloxane copolymer wrth both ends blocked 
b y d.methylphenyls,loxygroups.cyclicmethylhydrogenpolysitoxane,andacopolymer^ 
the JSn h I! S h 6 am ° Unt ° f -^"^ensitoxane added is appropriate to ensureThatfe "moT ral 
the s.hcon-bonded hydrogen atoms in this ingredient to the silicon-bonded alkenyl groups in ingredient (A? slrUhe 
range of 0.4:1 to 5:1. Otherwise, it is impossible to obtain good curing properties ' n 9«».ent (A) is ,n the 

Ingredient (E), the platinum-group catalyst, is a catalyst forcuring our claimed the composition Examples of useful 
; catalysis include Tine ptatinum powder, platinum black, chtoroplatinic acid, p.atinum tetrachloride ^eTcc^ptex^ 
* TIT ? J S °' Uti0nS ° f ch,oro P |atinic aci * ^P'exes of chtoroplatinic acid and S^SST o 

01 SZolZ t 71 r" adiUm - am ° Unt ° f th6 P' alinum -9~up catalyst added is usuallyCZiding 

0.1 to 800 parts by weight of platinum-type metal atoms per 1 million parts by weight of ingredient (A) If the amount 

Sery^r 6 ^ ^ """^ " «" ^ * ™ ^ ~ ^ 

Ingredient (E) is preferably in the form of a spherical-shaped fine-grain catalyst made of a thermoolastic resin 

Z£ ,' t I 6 p,a,inurn - t yP 8 cata| y st ^'^nt * dispersed fast in our composition at the convention* 
molding temperature the softening point of the thermoplastic resin should be in the range of 50 to iS^AtoTe 
average gram see of the spherical-shaped fine-grain catalyst is in the range of 0 01 to 10 mm 

The compos,t.on of this invention is easily manufactured by uniformly blending ingredients (A) throuah (E) as well 
as various addAves as demanded, such as heat resistance agents, flame-retaiding agents, a p 
ing can be performed by means of a kneader mixer, a pressurized kneader mixer Ross™ mixer L Ser blenders 
The co mposrtlon m a(so be prepafed as ^ Qr more ljqujds whjch ^ b|ended b^uTtoSS 
manufacturing and to improve the workability. ' raennaie 

n.rtl'!!? 8 f0llow i n9 : ,his invention wi » be ex P'ained in more detail with reference to specific examples. In the examples 
parts refer to parts by weight and the viscosity refers to the value at 2S>C. examples, 

Example 1 . 

.kJm Part !k' adimetl ;y'P o| y sitoxan e (with vinyl group content of 0.23 wt%) that has both ends of the molecular 
cham blocked by dimethylphenylsiloxy groups and has a viscosity of 2,000 mPa.s (cP), 1 3 parts of crush fuTed s Jca 
wrth an average gram size of 5 urn, and 30 parts of fumed silica that has been surfac£treated wfth Smy So'lT 

HZH h 8 SP8ClflC S " rf o aC8 °' 200 W6re b,ended until the mixt " ra became fmSSTSS^ 
treatment under vacuum, 12 parts of finely powdered calcium hydroxide were added, followed by blendfnQ Z homS 
generty to form a flowable liquid silicone rubber base. y Diena,n 9 to horn °- 

Then, 100 parts of the liquid silicone rubber base were blended uniformly with the following ingredients to form a 
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liauid silicone rubber composition: 1 .7 parts of dimethylsitoxane/methylhydrogensiloxane copolymer (with 0.8 wt% sil- 
SonSd hydrogen atoms). 0.3 part of spherical-shaped fine-grain catalyst of thermoplast^ res^ 
Sex of chloroplatinic acid and tetramethyldivinylsiloxane in an amount corresponding to 0.4 wt% of plafnum meta 
a oms (prS of Toray Dow Corning Silicone Co., Ltd., with an average grain size of 1 .1 pm and a softemng po.nt of 
the thermoplastic resin of 85'C). and 0.01 part of 3,5-dimethyl-1 -hexyn-3-ol as a curing inhibitor. 

^slone rubber composition was press molded at 150-C for 5 minutes to form rubber sheet spec^ens for 
measurement of properties as defined in JIS K 6301. The initial properties were then measured (t.me=0)^ Then, the 
reStaTcT oTthe specimens against degraded oil (a lubricant that had been degraded by heat and ox.dat.on ) was 
meSS The restetance to degraded oil was measured by the following method: automotive eng.ne o.l (a product of 
ToyXMotoT^ commercial name: Castle Motor Oil G reen SG 10W-30) was used to fH. 75% of the ■nter.or volume 
of I pressure-prSf container. After the specimen was placed in the oil, oxygen gas was fined at a pressure «J> W 
cm* to occupy the remaining space of the container. The container was sealed and placed .n an oven at 150-C for 
hLngTe container waslaken out from the oven every 24 hours and refilled with oxygen under a pressure of 10 
ISatrimtemperatureandreplacedintheoven. 

timeMtfrne^, lX>r 360 hours) the specimens were taken out of the degraded oil and the physical propert.es were 

mGa Fo^omparison, a silicone rubber composttion was prepared in the same way as above, except 

silica with an average grain size of 5 pm was used. Then, the physical propert.es were measured as descnbed above. 

The results are listed in Table I. 

r a t,i a I. R° r >1fa Qf Tenr of ResistanrP ro Degraded Ojl 

Elastomer 



25 Time (h) Property 



Test comparison 



Hardness (JIS Afe 52 52 

Tensile (Kgf/cm ) 44 54 

Elongacion (%) 260 320 



30 72 Hardness (JIS Afe 40 39 



Tensile (Kgf/cm ) 37 41 
Elongation (*) 200 210^ 



240 Hardness (JIS Afe 37 10 
r, Tensile (Kgf/cm ) 35 13 
3S Elongation (%) 210 3S0_ 

~~* Hardness (JIS Afc 36 2 

Tensile (Kgf/cm ) 30 1 



Elongation (%) 260 100 



40 



45 



SO 



SS 



Example 2. 

A silicone rubber composition was prepared in the same way as described in Example 1 , except that 12 parts of 
finelv powdered calcium oxide were used. The physical properties of the cured specimens were also measured .n the 
same wa7as in Example 1 . For comparison, a silicone rubber composition was prepared in the same way as abov* 
exclpuhat L amount of the finely powdered calcium oxide was reduced to 5 parts. The phys.cal propert.es of the 
curS VpecimensTere also measured in the same way as described above. The results for these tests are hsted .n 
Table II. 

Table II. 



Results of Test of Resistance to Degraded Oil 


Time (h) 


Property 


Elastomer 






Test 


Comparison 


0 


Hardness (JIS A) 


48 


50 




Tensile (Kgf/cm 2 ) 


49 


51 
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Table II. (continued) 



Results of Test of Resistance to Degraded Oil 


Time (h) 


Property 


Elastomer 






Test 


Comparison 




Elongation (%) 


350 


310 


72 


Hardness (JIS A) 


40 


39 




Tensile (Kgf/cm 2 ) 


44 


42 




Elongation (%) 


270 


200 


240 


Hardness (JIS A) 


31 


19 




Tensile (Kgf/cm 2 ) 


38 


27 




Elongation (%) 


270 


290 


360 


Hardness (JIS A) 


28 


7 




Tensile (Kgf/cm 2 ) 


22 


9 




Elongation (%) 


300 


370 
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85 parts of dimethylpolysiloxane (with a vinyl group content of 0.23 wt%) that had both ends of the molecular chain 
blocked by dimethylvinylsiloxy groups and a viscosity of 2,000 mPa.s (cP) ( 1 5 parts dimethylsiloxane/methylvinylsi- 
loxane copolymer (with vinyl group content of 0.52 wt%) with both ends of the molecular chain blocked by trimethy Isiloxy 
groups and a viscosity of 40,000 mPa.s (cP), 30 parts of crushed fused silica with average grain size of 5 |im, 30 parts 
of fumed silica with a specific surface area of 200 rr^/g, 5 parts of hexamethyldisilazane, and 2 parts of water were 
uniformly blended and heat treated under vacuum. Then, 20 parts of finely powdered calcium hydroxide were added, 
and the mixture was blended until it became homogeneous, forming a ffowable liquid silicone rubber base. 

Next, 100 parts of the above silicone rubber base were blended uniformly with the following ingredients to form a 
liquid silicone rubber composition: 1 .7 parts of dimethylsiloxane/methylhydrogensiloxane copolymer (with 0.8 wt% sil- 
icon-bonded hydrogen atoms), 0.3 part of spherical-shaped fine-grain catalyst of thermoplastic resin containing a com- 
plex of chloroplatinic acid and tetramethy Idivinylsiloxane in an amount corresponding to 0.4 wt% of the platinum metal 
" atoms (product of Toray Dow Corning Silicone Co., Ltd., with an average grain size of 1.1 jim and a softening point of 
the thermoplastic resin of 85°C), and 0.01 part of 3,5-dimethyl-1 -hexyn-3-ol as cure inhibitor. The physical properties 
of cured specimens were also measured as described in Example 1 . 

For comparison, a silicone rubber composition was prepared in the same way as described above, except that 
crushed fused silica with an average grain size of 5 urn was used. Then, the physical properties were measured as 
described above. The results are listed in Table III. 



40 Table III. 



Results of Test of Resistance to Degraded Oil 


Time (h) 


Property 


Elastomer 






Test 


Comparison 


0 


Hardness (JIS A) 


65 


65 




Tensile (Kgf/cm 2 ) 


63 


59 




Elongation (%) 


200 


140 


72 


Hardness (JIS A) 


52 


50 




Tensile (Kgf/cm 2 ) 


55 


55 




Elongation (%) 


150 


140 


240 


Hardness (JIS A) 


41 


22 




Tensile (Kgf/cm 2 ) 


39 


16 




Elongation (%) 


170 


200 


360 


Hardness (JIS A) 


36 


13 




Tensile (Kgf/cm 2 ) 


24 


4 
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Table III. (continued) 



Results ot Test of Resistance to Degraded Oil 



Time (h) Property Elastomer 



5 



Test Comparison 



Elongation (%) 180 1 60 



10 



Claims 



1. A liquid silicone rubber composition for a lubricant seal comprising the following ingredients: 

(A) 100 parts by weight of organopolysiloxane containing 2 or more silicon-bonded alkenyl groups in each 
molecule; 

(B) 5 to 150 parts by weight of inorganic filler; 

(C) 7 to 50 parts by weight of an oxide or hydroxide of an alkaline-earth metal with an atomic weight of 40 or 
greater; 

(D) an organohydrogensiloxane containing 3 or more silicon-bonded hydrogen atoms in each molecule, in an 
amount providing a molar ratio of the silicon-bonded hydrogen atoms in this ingredient to the silicon-bonded 
alkenyl groups in ingredient (A) of 0.4:1 to 5:1; and 

(E) a platinum-group catalyst in an amount providing 0.1 to 500 parts by weight of platinum-group metal per 
1 million parts by weight of ingredient (A). 

2. The liquid silicone rubber composition described in Claim 1 , where ingredient (E) is a spherical -shaped fine-grain 
catalyst made of a thermoplastic resin containing 0.01 wt% platinum metal atoms, the softening point of the ther- 
moplastic resin is in the range of 50-1 50°C, and the average grain size of the spherical-shaped fine-grain catalyst 
is in the range of 0.01 to 10 um 

3. The liquid silicone rubber composition described in Claim 1 , where ingredient (A) is a straight-chained polymer 
having a viscosity at 25°C of 100 mPa.s (cP) or higher. 

4. The liquid silicone rubber composition described in Claim 1 , where ingredient (C) is selected from a group consisting 
of oxides and hydroxides of calcium, strontium, and barium. 



5. The liquid silicone rubber composition described in Claim 1, where ingredient (C) is calcium oxide on calcium 



6. The liquid silicone rubber composition described in Claim 4, where the amount of ingredient (C) is in the range of 
10 to 40 parts by weight per 100 parts by weight of ingredient (A) and ingredient (C) is selected from calcium 
hydroxide or calcium oxide. 



35 



hydroxide. 
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